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Description 

[0001 ] The invention relates to NMR imaging contrast 
compositions comprising as components of a dispersion 
in a physiologically acceptable aqueous carrier phase a 
paramagnetic metal ion coupled to a chelating agent 
having a lipophilic moiety, a physiologically acceptable 
non-ionic surfactant or a mixture of non-ionic surfactants 
and optionally one or more amphipatic organic com- 
pounds, the components of the dispersion being in a mi- 
cellar form. The invention also concerns the preparation 
of the compositions, as well as injectable MR! blood pool 
contrast agents, their use and a kit comprising dry con- 
trast composition and a physiologically acceptable 
aqueous carrier. 

Background art 

[0002] In general, the relatively low molecular weight 
magnetically responsive water-soluble metal complex- 
es such as Gd-DTPA, Gd-DOTA etc. are not suitable for 
use as contrast agents for blood-pool imaging due to 
their partial leakage through the vessel walls (extrava- 
sation into the extravascular space) and their very rapid 
elimination through the kidneys. The rapid elimination 
renders these substances unsuitable for imaging of the 
vascular system since they cannot provide acceptable 
contrasts (decrease of relaxation time of protons) for 
a sufficient time. 

[0003] Various attempts to produce substances suit- 
able as MRI contrast agents for blood-pool investiga- 
tions have been made. Search for contrast agents with 
long residence times in the blood circulation, high relax- 
ivity and complete elimination of substances adminis- 
tered have brought proposals in which paramagnetic 
substances are encapsulated into liposome vesicles or 
immobilised in the liposome membrane, copolymerised 
with polyethylene glycol or grafted on a polymeric chain 
such as albumin, dextran or polylysine. Examples of 
such compositions are Gd-DTPA-albumin, Gd-DTPA- 
dextran or Gd-DTPA-polylysine complex molecules 
(see for example: M.D. Ogan et al., Invest. Radiol. 22 
(1 987) 665; S.C. Wang et aL, Radiology 1 75 (1 990) 483; 
G. Schumann-Giampieri et al., Invest. Radiol. 26 (1991) 
969; and A.V.S. Vexler et al. Invest. Radiol. 29 supl. 2 
(1994) S62; B.T.S. DessleretaL, Invest. Radiol. 29 supl. 
2 (1994) S65; C. D. Meyer et al., Invest. Radiol. 29 supl. 
2 (1994) S90; D. D. Shen et aL, Invest. Radiol. 29 supl. 
2 (1994) S217). The aforementioned compositions ex- 
hibit longer dwelling times in the blood than the water- 
soluble metal complexes, however, their residence 
times in the circulation are still not sufficient and some 
of these compounds have shown unacceptable levels 
of toxicity for blood-pool imaging. Longer residence 
times and lower immunogenicity have been reported by 
A.A. Bogdanov et al., Radiology 187 (1993) 701 for 
Gd-DTPA-MPEG-polylysine complexes which consist 
of a methoxy poly(ethylene glycol)-shielded macromo- 



lecular backbone (polylysine) bearing covalently at- 
tached Gd-DTPA. 

[0004] Among the many approaches for enhancing 
the relaxivities of paramagnetic substances in the blood, 

5 of interest may be the proposal made in WO-A- 
91/14178 (Research Corporation). This document dis- 
closes paramagnetic contrast enhancing agents which 
are lipophilic in nature and are based on polyaminopo- 
lycarboxylic acid derivatives especially EDTA and DTPA 

10 derivatives having one or two fatty acid moieties and a 
carboxymethylacetamide replacing at least one acetic 
acid group and preferably two acetic acid groups. The 
preferred paramagnetic metal ions are the usual para- 
magnetic metal ions including gadolinium. Conjugates 

*5 of the paramagnetic contrast agents with other physio- 
logical agents such as proteins, peptides, antibodies or 
liposomes have also been disclosed. The lipophilic par- 
amagnetic agents can be incorporated into liposome 
membrane to assist targeting and improve the relaxivity. 

20 [0005] Notwithstanding, the half-life of contrast 
agents containing paramagnetic species bonded to 
macromolecules is often too short to be convenient for 
blood-pool imaging. In order to solve this difficulty, the 
use of suspensions of liposomal microvesicles contain- 

25 jng encapsulated paramagnetic chelates as carriers of 
NMR contrast agents has been proposed. Use of lipo- 
somes for carriers has been proposed for relative bio- 
compatibility and ease of preparation of liposomes and 
their suspensions. Encapsulation of known paramag- 

30 netic contrast agents into liposomes has been described 
in a number of different publications (e.g. E.C. Unger et 
al. JMRI 3 (1993), 195-198, EP-A-0 160 552, etc.). 
[0006] Unfortunately, the useful life of liposome en- 
capsulated contrast agents injected in the circulation is 

35 short because of the rapid physiological removal due to 
opsonization followed by phagocytosis. The opsoniza- 
tion process involves the coating of "intruder" particles 
by proteins, called opsonins, recognisable by macro- 
phages followed by their removal (phagocytosis) and 

40 metabolization of the coated (opsonized) particles by 
the Kupffer cells of the liver and the spleen. 
[0007] Hence, liposomes as carriers of water-soluble 
paramagnetic chelates do not constitute an ideal solu- 
tion to paramagnetic blood pool contrast agents. As said 

45 before most liposomes are subject to rapid removal from 
the circulation by the liver and the spleen and, although 
this property may be advantageous for imaging the latter 
organs, it is strongly undesirable when one wishes to 
keep the concentrations of contrast compounds in the 

so blood at a relatively high level for a more extended time. 
Remedies have been proposed to prolong the life of li- 
posomes vesicles in the blood, namely to incorporate 
protective substances in the vesicle forming lipids. 
Along this line of approach, "stealth factors", for instance 

55 covalently modified lipids, i.e. lipids (phosphatidyletha- 
nol amine (PE)) carrying grafted thereon externally ex- 
tending polyethylene glycol (PEG) segments have been 
proposed. Also, the incorporation, as "stealth" factors, 
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to the vesicle forming lipids of products such as palmi- 
toylglucuronic acid (PGIcUA) has been reported to im- 
prove the half-life of liposomes in the blood. 
[0008] It is well known that the lifetime of liposomes 
in the blood may be significantly prolonged by making 5 
the liposome vesicles very small e.g. 50 nm or less. The 
suggestion is based on the fact that small particles are 
less size-recognisable by opsonins; therefore if the ves- 
icles are sufficiently small, their residence time in the 
blood will increase. The trouble with very small vesicles, 
however, is that with reduction in size their entrapment 
capacity becomes very small which is not compatible 
with the amounts of contrast media required for imaging 
the blood-pool with paramagnetic compounds. Another 
drawback of liposomes is that the presence of the lipid 
membrane markedly shields the action of the contrast 
agent on the water protons within the investigation site. 
Although this negative effect can be reduced by incor- 
porating the contrast agent within the membrane lipids, 
for instance by grafting a lipophilic group to the chelatant 
of the contrast agent (see R.A. Schwendener et al. In- 
ternal J. Pharm. 49 (1989), 249-59), the results have 
been still insufficient up to now, the ratio of magnetically 
active substance to substrate being still relatively low 
and the residence time in the blood relatively short. 
[0009] Hence the residence time of known paramag- 
netic MRI contrast agent compositions is still insufficient 
which renders these agents relatively ineffective when 
organ perfusion and blood volume measurements/im- 
aging are required. Furthermore, although the longitu- 
dinal relaxivity ^ or (1/T^ of the known agents is ac- 
ceptable, further increase of this factor could provide 
even better contrast and resolutions, hence better im- 
aging and/or would provide more effective agents re- 
quiring administration of lower amounts of imaging sub- 
stances for the same quality and image resolution. Low- 
ering the amount of the contrast agent administered 
would lead to even lower level of toxicity. Thus, providing 
a paramagnetic blood-pool contrast composition/agent 
which has a substantive action on the relaxation time T 1 
of water protons, sufficient stealth properties for blood- 
pooling i.e. a life-time sufficient for effecting complete 
imaging with only one dose of injected composition, to- 
gether with a very low or no immunogenicity and an op- 
timal mole ratio of MRI responsive substance to phar- 
maceutical^ acceptable organic substrate is still very 
desirable in order to minimise possible after-injection 
side-effects. 

Summary of the Invention 

[0010] In brief, the invention relates to the paramag- 
netic, MRI responsive contrast compositions comprising 
as components of a dispersion in a suitable aqueous 
carrier liquid, a paramagnetic metal ion, a chelating 
agent having a lipophilic moiety, and a physiologically 
acceptable non-ionic surfactant or a mixture of non-ionic 
surfactants, wherein the non-ionic surfactant is a block- 



copolymer having polyoxyethylene and polyoxypropyl- 
ene segments, a polyethyleneglycolalkylether, a poly- 
oxyethylene fatty acid ester, an n-alkylglucopyranoside, 
or an n-alkyl maltotrioside; the components of the dis- 
persion being in a micellar form. Optionally, the compo- 
sition may include one or more amphipatic compounds 
e.g. phospholipids. The chelating agent comprises a 
polyamino-polycarboxylate backbone carrying at least 
one lipophilic substituent e.g. an ester of a fatty alcohol. 
Complexes of paramagnetic metal ions with the chelat- 
ing agents are referred to as the imaging agents. The 
compositions of the invention are associations of imag- 
ing agents, non-ionic surfactants, and optionally phos- 
pholipids, into stable mixed micelles suspended in a 
suitable carrier liquid. The mixed micelles are constitut- 
ed by conjugation or association of the imaging agent 
with non-ionic surfactant and optionally an amphipatic 
compound. The term association or conjugation means 
that the components of the micelles may be in the form 
of adducts or admixtures of two or more substances 
having mutual affinity; or the association may be due to 
one or more bonds e.g. H-bonds between the constitu- 
ents, whereby a chelatant molecule with simultaneous 
lipophilic and hydrophilic properties will be provided in 
a given desirable equilibrium (appropriate hydrophilic/ 
lipophilic balance). Hence, the imaging composition 
may comprise a mixture of a substrate having suitable 
amphiphilic properties, and a compound including a par- 
amagnetic species and a function possessing affinity for 
the substrate; or the imaging composition may comprise 
a more or less loose adduct of the foregoing constitu- 
ents. 

[0011] Clearly, the presence of the non-ionic sur- 
factant or mixtures of non-ionic surfactants in the com- 
position is essential since the non-ionic surfactant caus- 
es the principal constituents i.e. the paramagnetic metal 
ion and the chelating agent having a lipophilic function, 
the phospholipid and the surfactant to form mixed mi- 
celles. By rendering the principal constituents of the 
composition micellar the properties of the constituents 
change and unexpectedly effective imaging properties 
are obtained. The size of the micelles is found to vary 
between 10 and 800 nm, however, it appears that the 
most effective results are obtained when the size is pref- 
erably between 30 and 500 nm. Dispersed in a suitable 
aqueous carrier liquid, the mixed micelles form very sta- 
ble colloidal dispersions which resist agglomeration or 
aggregation for a long period. 

[001 2] The invention also relates to a method of mak- 
ing the paramagnetic contrast compositions comprising 
non-ionic surfactants, their use as blood pool contrast 
agents, and a method of manufacture of contrast agents 
as dry powders obtained by lyophilisation of the compo- 
sition. 

[001 3] A kit comprising a vial with dry pulverulent for- 
mulation obtained by lyophilisation of the composition 
and optionally a vial with an aqueous physiologically ac- 
ceptable carrier is also disclosed. 
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Brief description of the drawings 
[0014] 

Fig. 1 is a schematic presentation of a mixed micelle 
of the composition comprising a paramagnetic met- 
al ion 1 , a chelating agent having a lipophilic moiety 
2, a phospholipid 3 and a physiologically acceptable 
non-ionic surfactant 4. 

Fig. 2 is a graph showing comparative data of Tj - 
Relaxivity in water obtained for Gd-DTPA, various 
Gd-based macromolecular agents and the micellar 
Gd-DTPA-SE/DPPA/F1 08, Gd-DTPA-fSE^DPPA/ 
BRIJ® 78 and Gd-DTPA-(SE)2/BRIJ®78 composi- 
tions according to the invention. 

Fig. 3 is a schematic presentation of structural for- 
mula of the amphipatic derivative of DTPA [DT- 
PA-(SE) 2 ] prepared via reaction of DTPA anhydride 
with stearyl alcohol. 

Fig. 4 is a diagram of blood pharmacokinetics in the 
rat of a micellar Gd-DTPA-SE/phospholipid/F108 
composition according to the invention. 

Fig. 5 is a diagram of blood pharmacokinetics in the 
rat of a micellar Gd-DTPA-(SE)2/phospholipid/F1 08 
composition according to the invention 

Fig. 6 is a diagram of blood pharmacokinetics in the 
rat of micellar radio labelled compositions with dif- 
ferent phospholipids produced according to the in- 
vention. 

Fig. 7 is a diagram of blood pharmacokinetics in the 
rat of micellar ^Gd-DTPA-fSE^DPPC/BRIJ® 78 
and 153 Gd-DTPA-(SE)2/BRIJ® 78 compositions ac- 
cording to the invention. 

Detailed description of the Invention. 

[001 5] The main aspects of the invention as set out in 
the accompanying claims are based on an unexpected 
finding that exceptionally effective paramagnetic NMR 
contrast compositions are obtained when in addition to 
a paramagnetic metal ion complexed with a polyami- 
nopolycarboxylate chelating agent having a lipophilic 
moiety, the imaging composition comprises a physiolog- 
ically acceptable non-ionic surfactant or a mixture of 
non-ionic surfactants and preferably one or more am- 
phipatic compounds such as phospholipids. The para- 
magnetic metal ion is complexed with the polyaminop- 
olycarboxylate and the complex is often referred to as 
imaging agent. This notwithstanding that only paramag- 
netic ion has the desired magnetic properties and is 
therefore almost solely responsible for the imaging ac- 
tion i.e. change in relaxivity of the hydrogen atoms of 



water. The complexing of the metal ion and hence the 
presence of the chelating agent is required only to coun- 
teract the toxicity of the paramagnetic metal ions and 
eliminate their undesired effects. Amongst chelating 
5 agents derivatives polyaminopolycarboxylic acids are 
found to be particularly useful for complexing the para- 
magnetic ions intended for NMR imaging of human or 
animal body. 

[0016] In the compositions according to the invention, 

10 the poly ami nopolycarboxy late chelating agent is provid- 
ed with a hydrophobic group (for instance, an esterified 
fatty alcohol chain) which readily couples or intertwines 
(presumably by Van der Waals forces) with the hydro- 
phobic part of non-ionic surfactant and optionally with 

15 the fatty acid residues of the phospholipid. The non-ionic 
surfactant presumably provides the additional hy- 
drophilic/lipophilic balance parameters to enable the 
four component system to exist as mixed micelles dis- 
persed in a carrier liquid. 

20 [0017] As schematically presented in Fig. 1, said 
mixed micelles comprise a paramagnetic metal ion (1) 
retained by a chelating agent having a lipophilic moiety 
(2), an amphipatic compound e.g. a phospholipid (3) 
and a non-ionic surfactant (4). This configuration of a 

25 paramagnetic metal ion bonded to an amphipatic struc- 
ture i.e. a polyaminopolycarboxylate segment compris- 
ing ionic hydrophilic functions, a non-ionic hydrophilic 
function (the polyethylene oxide segment) and non-ionic 
hydrophobic aliphatic chains has shown strikingly high 

30 contrast efficiency in NMR blood pool imaging. As it may 
be seen from the experimental part, this contrast effect 
is at least 30% better than that of comparative compo- 
sitions of the prior art in which the phospholipid is lam- 
inar (vesicular form) instead of micellar. The exact rea- 

35 son why this configuration difference is so effective is 
still unexplained; however, it has been established that 
the mixed micelles may have particle sizes between 10 
and 800 nm, best results being obtained with the mi- 
celles of size in the range between 30 and 500 nm. 

40 [001 8] A possible explanation of the exceptional prop- 
erties of the mixed micelles of the invention and their 
suitability as MRI blood-pool contrast agents may come 
from the fact that they have simultaneous affinity for wa- 
ter and for oils, i.e. they possess suitable lipophilic/hy- 

45 drophilic balance. The hydrophilic functions involved are 
ionic and non-ionic. The corresponding hydrophilic/li- 
pophilic balance (HLB) may vary considerably and may 
be between 1 to 50, but is preferably from 5 to 15. It is 
speculated that due to these equilibrated surfactant 

so properties, when the mixed micelles are dispersed in a 
suitable aqueous carrier liquid, they form very stable col- 
loidal dispersions, i.e. the micelles resist agglomeration 
or aggregation into larger aggregates for a long period. 
The diagram presented in Fig. 2 shows relaxivity values 

55 T 1 obtained for the contrast compounds according to the 
invention and relaxivity values reported for Gd-DTPA 
and various Gd-based macromolecular agents. As it can 
be seen from this comparative diagram, the contrast 
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agents comprising paramagnetic contrast composition 
in the form of mixed micelles provides relaxivities, which 
are 30-250% greater than that of the heretofore known 
compositions. Thus, the higher relaxivities coupled to 
the longer residence times in the circulation obtained 
with the paramagnetic contrast agents of the invention 
provide an important advance (advantage) in compari- 
son to the known NMR contrast agent compositions. 
[0019] The mixed micelles according to the invention 
may be produced using non-ionic, ionic and mixtures of 
ionic and non-ionic surfactants however, due to their 
physiological suitability the non-ionic surfactants are 
preferred. The non-ionic surfactants are block-copoly- 
mers having polyoxyethylene and polyoxypropylene 
segments, polyethylene-glycolalkylethers such as for 
example polyethyleneglycol-octadecylether, or polyox- 
yethylene fatty acid esters, or n-alkyl glycopyranoside 
and n-alkyl maltotrioside. The non-ionic surfactant in the 
compositions of the invention is conveniently selected 
from the commercially available products such as 
Pluronic®, Poloxamer®, Poloxamine®, Synperonic®, 
BRIJ®, Myrj® and their mixtures. The weight proportion 
of the surfactant relative to the amount of the paramag- 
netic imaging agent is from 1:50 to 50:1, preferably 1: 
10 to 10:1 , and even more preferably 1 :1 . 
[0020] In order to make the imaging polycarboxylic 
chelating molecule compatible with the phospholipids 
and the non-ionic surfactants, the chelating molecule is 
provided with a hydrophobic group, for instance in the 
form of carboxylate ester with hydrophobic aliphatic or 
aromatic alcohols. As said alcohols, one may cite satu- 
rated and unsaturated C 1 to C 24 alcohols like methanol, 
ethanol, propanol, butanol (n-, iso-, tert-), pentanol, hex- 
anol (and isomers), heptanol, octanoi (and isomers), no- 
nanol, decanol and fatty alcohols; as aromatic alcohols, 
one may cite substituted and unsubstituted benzyl- and 
higher phenylalkyl-alcohols. The chelating molecule 
may also be provided with the hydrophobic group in form 
of a carboxylate amide with hydrophobic aliphatic or ar- 
omatic amines. Said amines may be saturated and un- 
saturated to C 24 amines like methylamine, ethyl- 
amine, propylamine, butylamine (n-, iso-, tert-), 
pentylamine, hexylamine (and isomers), octylamine 
(and isomers), nonylamine, decylamine, aminoada- 
mantan and fatty amines; as aromatic amines, one may 
cite substituted and unsubstituted benzyl- and higher 
phenylalkyl-amines. Alternatively, the polycarboxylic 
chelating agent can be provided with lipophilic hydro- 
phobic groups linked to the alkylene segments of the 
molecular back-bone, or to the ct-carbon of the carbox- 
ylate functions or to a hydroxyl group when present in 
the chelating agent. An example of the latter is the prod- 
uct of reaction between Gd-HP-D03A with a fatty acid 
chloride. 

[0021] Experiments have shown that the lipophilic 
moiety of the polyaminopolycarboxylate chelating agent 
may vary in the range from a methyl (C^ to a long chain 
alkyl or alkylene group with as many as 24 carbon atoms 



(C 24 ) and may also include substituted or unsubstituted 
benzyl- or higher phenyl alkyl groups. In fact as long as 
the polycarboxylic chelate has a lipophilic function which 
presumably provides an anchor for the phospholipid 

5 and/or the surfactant molecules the mixed micelles are 
formed. The mixed micelles obtained seem reasonably 
stable even with short alkyl groups however for merely 
practical reasons alkyl groups with C 12 -C 18 are pre- 
ferred. It has been found that when the non-ionic sur- 

10 factant is eicosaethyleneglycol-octadecylether known 
under its trademark of BRIJ® 78 the presence of the 
phospholipid although beneficial in view of higher relax- 
ivity is not really necessary, as the micelles of the sur- 
factant and the paramagnetic complex are showing ac- 

15 ceptable relaxivity and reasonable stability in the circu- 
lation. 

[0022] The amphipatic compounds suitable in the 
present composition are phospholipids which may be 
selected from phosphatidic acid (PA), phosphatidylcho- 

20 line (PC), phosphatidylethanolamine (PE), phosphati- 
dylserine (PS), phosphatidylglycerol (PG), phosphati- 
dylinositol (PI), cardiolipin (CL) and sphingomyelin 
(SM). The amphipatic compound may also consists of 
a mono-phosphate ester of a substituted or partially sub- 

25 stituted glycerol, at least one functional group of said 
glycerol being esterified by saturated or unsaturated 
aliphatic fatty acid, or etherified by saturated or unsatu- 
rated alcohol, the other two acidic functions of the phos- 
phoric acid being either free or salified with alkali or 

30 earth-alkali metals. Preferably the phosphate esters will 
include monophosphates of fatty acid glycerides select- 
ed from dimyristoylphosphatidic acid, dipalmitoylphos- 
phatidic acid, or distearoylphosphatidic acid. 
[0023] The phospholipids may also include diacyl and 

35 dialkyl glycerophospholipids in which the aliphatic 
chains have at least twelve carbon atoms, as well as 
one or more compounds selected from ionic and neutral 
phospholipids, mono alkyl or alkenyl esters of phosphor- 
ic acid and/or cholesterol, ergosterol, phytosterol, sito- 

40 sterol, lanosterol, and tocopherol. In the compositions 
containing phospholipids, the weight proportion of the 
phospholipids to the polycarboxylic add chelate seems 
not critical and it may vary in a wide range e.g. from 1 : 
50 to 50: 1 . The practical range will be between 10:1 and 

45 1:10, preferably between 1:5 and 5:1 and even more 
preferably between 1:3 and 3:1 this since the use of a 
large excess of chelate may result in unnecessary waste 
of the chelating/imaging agent while an excess of phos- 
pholipid beyond certain concentration does not provide 

so extra benefit. In the compositions in which phospholip- 
ids are used the weight ratio of the phospholipid to the 
surfactant may vary as above, however the ranges from 
1:10 to 10:1 and preferably between 1:2 and 2:1 are con- 
sidered as the ranges in which optimal compositions of 

55 the NMR blood pool agent are to be found. 

[0024] The chelate moiety of the magnetically respon- 
sive component of the present micelles may be selected 
from EDTA, DTPA, BOPTA, DOTA, D03A and/or their 
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derivatives, and the paramagnetic metal may be select- 
ed amongst well known group of paramagnetic metals 
notably from Gd(lll), Mn(ll), Cr(lll), Cu(ll), Fe (III), Pr(lll), 
Nd(lll) Sm(lll), Tb(lil), Yt(lll) Dy(ill), Ho(lll) and Er(lll). 
[0025] It has also been established that a very useful 
form of the composition according to the invention may 
be produced by lyophilisation of the composition where- 
by a dry, pulverulent formulation is obtained. This form 
of the paramagnetic composition is particularly conven- 
ient for long term storage. The storage in the powder 
form is simplified by the fact that reconstitution of the 
composition comprising mixed micelles is achieved by 
dispersion of the lyophilised powder in a physiologically 
acceptable liquid carrier, will form a suspension useful 
as a blood pool NMR imaging contrast agent. The 
lyophilisation is a straight forward f reeze-drying process 
requiring no particular precautions or measures. 
[0026] The method for making compositions accord- 
ing to the invention comprises selecting as components 
a paramagnetic contrast agent with an appropriate poly- 
carboxylic acid chelating agent provided with a suitable 
lipophilic group in admixture with one or more phosphol- 
ipids and non-ionic surfactants and dispersing the com- 
ponents into micellar form in a physiologically accepta- 
ble aqueous liquid carrier such as water or saline, neat 
or buffered, according to usual practice. Depending up- 
on the choice of components, the dispersion can be 
achieved by gentle mixing or by more energetic means 
such as homogenisation, microfluidization or sonica- 
tion. 

[0027] In an advantageous mode of performing the 
above preparation using for instance, as the required 
components, the mono- or di-stearyl ester of gadolinium 
DTPA, dipalmitoylphosphatidic acid (DPPA) as the 
phospholipid, and Synperonic® F-108 as a non-ionic 
surfactant, one part by weight of the contrast component 
is admixed with two parts each of the lipid and the sur- 
factant, and 100 to 200 parts of water. The mixture is 
homogenised by sonication at a temperature of 50-80°C 
for a few minutes, until the dispersed mixtures forms 
mixed micelles mostly in the range of 20-250 nm. Gen- 
erally, the micelles sizes distribution is Gaussian. 
[0028] Alternatively, two components of the present 
particulate adduct, for instance the paramagnetic imag- 
ing component and the phospholipids, can be first dis- 
persed in the aqueous carrier liquid and the third com- 
ponent added afterwards to the dispersion, whereby the 
addition of said third component will cause the disper- 
sion to become into micellar form. 
[0029] Hence, in an advantageous mode of carrying 
out this alternative, one part by weight of the paramag- 
netic component and two parts of the phospholipid are 
dissolved in a suitable organic solvent such as chloro- 
form, methylene chloride, methanol, or mixtures thereof 
and the solution is evaporated to dryness under reduced 
pressure. Then the residual solid is finely dispersed in 
about 100 to 200 part of water (or other physiologically 
acceptable liquid carrier), for instance by sonication, mi- 



crofluidization, or otherwise, about two parts of the F- 
108 surfactant (or of an equivalent compound) are add- 
ed and homogenisation is resumed until micelles are 
formed as disclosed. 

5 [0030] Once prepared, the dispersion can thereafter 
be sterilised by heat as usual and used as such, or it 
can be further dehydrated for storage, for instance by 
lyophilization. The dehydrated material in form of a pow- 
der from which the MRI contrast agent may be produced 

*o by admixing the powder with a portion of carrier liquid 
and shaking. 

[0031 ] Thus, for practically applying the compositions 
of the invention in the medical field, the dried compo- 
nents and the carrier liquid can be marketed separately 

15 jn a kit form whereby the contrast agent is reconstituted 
by mixing together the kit components prior to injection 
into the circulation of patients. 
[0032] The first component of the kit i.e. dry power 
may further be stored under a dry inert atmosphere and 

20 the second component, a physiologically acceptable 
carrier liquid, may further contain isotonic additives and 
other physiologically acceptable ingredients such as 
various mineral salts, vitamins, etc. 
[0033] As already mentioned the reconstituted agent 

25 is particularly suitable for use in NMR blood pool imag- 
ing of organs in human or animal body. These compo- 
sitions could facilitate MR angiography and help to as- 
sess myocardial and cerebral ischemia, pulmonary em- 
bolism, vascularisation of tumours and tumour per- 

30 fusion. 

[0034] The following Examples further illustrate the in- 
vention. 



[0035] The DTPA mono- and di-stearyl esters of for- 
mulae, shown in Fig. 3, and the corresponding gadolin- 
ium chelates (Gd-DTPA-SE) and (Gd-DTPA-(SE) 2 ), 
were prepared as disclosed in G.W. Kabalka et al., Mag- 

40 netic Resonance in Medicine 8 (1 988), 89-95. The DTPA 
anhydride required in the synthesis was made accord- 
ing to Eckelman et al., J. Pharm. Sci. 64 (1975), 
704-706. The purity of the imaging agents was checked 
by measuring the gadolinium content by usual means 

45 (decomplexing in 2N hydrochloric acid and titrating with 
EDTA solution; indicator, Xylenol-orange) and gave re- 
sults substantially near theory. 
[0036] Six hundred mg of lecithin (SPC-3, Natterman) 
(0.788 mmol), 60 mg cholesterol (0.1 58 mmol), and 332 

50 mg Gd-DTPA-(SE) 2 (0.31 5 mmol) were dissolved in 1 00 
ml of a 1/1 mixture of MeOH and CHCI 3 . The solution 
was evaporated to dryness under reduced pressure 
(Rotavapor, 72°C/15 Torr, 1 .5 hrs), after which 20 ml of 
distilled water were added under agitation. The mixture 

55 was further homogenised by sonication for about 30 min 
at 70°C (Branson Sonifier, output 40), whereby a ho- 
mogenous milky suspension of liposome vesicles (la- 
belled "L") was obtained. 



Example 1 

35 
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[0037] To 1 0 ml of the above suspension were added 
300 mg of Synperonic® F-108 and sonication was re- 
sumed for a few minutes, whereby a stable optically 
clearer suspension of submicronic particles (labelled 
"M") in micellar form was obtained. 



TABLE 1 







r 2 


v 


10.6 


8.6 


"M" 


20.6 


13.2 



[0038] Proton spin relaxivities of the foregoing sus- 
pensions were measured using a Minispec PC-120 
(Bruker) apparatus, operating under 0.47 Tesla (20 
MHz). EDM 51 OA (EDM = Experiment Definition Mod- 
ule) was used to measure the spin-lattice relaxation time 
T 1 by the "inversion recovery" method. EDM 61 OA was 
used to measure the spin-spin relaxation time T 2 by the 
Carr-Purcell-Meiboom-Gill (GPMG) technique. The re- 
laxivities (^ and r 2 ) given in the Table 1 are expressed 
as r in [mMs] -1 = 1/T for a 1 mM concentration. 
[0039] The foregoing results clearly demonstrate that 
converting the imaging compound from vesicular to mi- 
cellar from sharply increases relaxivity and consequent- 
ly imaging efficiency. 

Example 2 

[0040] In a first preparative mode (mode 1 ), two sam- 
ples were prepared by admixing together 100 mg of im- 
aging agent, 200 mg of DPPA (dipalmitoylphosphatidic 
acid Na salt) and 200 mg of Synperonic® F-108 and 20 
ml of H 2 0, then the mixture was sonicated for 30 min at 
70°C, (Branson sonifier output 40). In a first sample 
("M1 ") there was used as the imaging species the mon- 
ostearylester Gd-DTPA-SE and in the second sample 
("M2"), there was used the distearylester Gd-DT- 
PA-(SE) 2 . 

[0041] The mean size of the micelles and the micelle 
size distribution were determined by a Dynamic Light 
Scattering (DSL) method also known under the name of 
Photon Correlation Spectroscopy (PSC) using a Ni- 
comp 370 HDL-NPSS apparatus. The particle size dis- 
tribution (Gaussian) was measured (Nicomp) and found 
to have a peak at 150-170 nm SD ± 60-90 nm for both 
samples. 

[0042] Two other samples were prepared from the 
same ingredients but the technique (mode 2) was mod- 
ified as follows: the imaging species and the lipids were 
first dissolved in 25 ml of a 2/1 CHCI^MeOH mixture, 
the solution was evaporated to dryness as in Example 
1 , 20 ml of H 2 0 were added and dispersion was effected 
by sonication for 20 min, output 20. Then the F-1 08 was 
added and sonication resumed for 10 min. The sample 
with the monoester was labelled "M3", and that with the 
diester "M4". The particle size distribution was meas- 



ured and found to have a peak at 70-80 nm SD ± 30-40 
nm for both samples. 

[0043] The r 1 and r 2 results are gathered in Table 2: 
5 TABLE 2 







r2 


size in nm 


"M1 


28.9 


17.4 


152 ±63 


"M2° 


23.8 


18.3 


170 ±90 


"M3 n 


35.7 


35.1 


66 ±36 


"M4" 


30.5 


30.9 


79 ±38 



[0044] It is speculated that the higher r 1 and r 2 values 
75 obtained with the mixed micelles according to "mode 2" 
may come from the fact that the micelles were smaller 
and had narrower size distribution than in the "mode 1 ". 

Example 3 

20 

[0045] The experiments of Example 2 were repeated, 
using mode 2 and Gd-DTPA-SE but changing the nature 
of the phospholipid, i.e. using dipalmitoylphosphatidylg- 
lycerol (DPPG) and dipalmitoylphosphatidylcholine 
25 (DPPC). Table 3 gives the results obtained in terms of 
relaxivities r, and r 2 in (mM.s)" 1 . 



TABLE 3 



30 



Phospholipid 


r i 


r 2 


size in nm 


DPPG-Na 


30.2 


28.6 


110 ±50 


DPPC 


27.3 


26.9 


99 ±47 


DPPA-Na 


35.7 


35.1 


66 ±36 



[0046] The experiments of Example 2 were repeated, 
using mode 2 and Gd-DTPA-(SE) 2 but changing the na- 
ture of the non-ionic surfactant, i.e. using 



TABLE 4 



45 



Phospholipid 




"2 


size in nm 


DPPG-Na 


29.4 


28.8 


77 ±27 


DPPC 


21.6 


21.5 


36 ±26 


DPPA-Na 


27.4 


27.7 


103 ±31 



eicosaethyleneglycol-octadecylether known under its 
trademark of BRIJ® 78 (Fluka). The results obtained in 
this experiment are given in Table 4. 

Example 4 

[0047] A composition was prepared using the direc- 
tions of Example 2, mode (2) in 0.3M glycerol buffer (5 
mM phosphate, pH 7.25). This contained per ml 5 mg 
of Gd-DTPA-SE, 1 0 mg of DPPA -Na and 1 0 mg of Syn- 
peronic® F-108. 
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[0048] First a calibration curve was constructed by di- 
luting the composition with rat blood to a range of known 
Gd concentrations and measuring T 1 and T 2 for each 
concentration of Gd. 

[0049] The composition was then injected intrave- 
nously into experimental rats (about 200 g) at the dose 
of 0.0385 mmol of Gd/kg (about 2 ml of suspension/an- 
imal). Two rats (making one group) were used in each 
experiment. 

[0050] NMR relaxation measurements (T-, and T 2 ) 
were carried out on 5 ml of the blood samples and the 
values (expressed in terms of Gd concentrations [Gd] 
by means of the calibration curve) were plotted against 
time to give the graph of Fig 4. The best mathematically 
fitting curve is given by the equation: 

[Gd](mmol/l) = 0.5e-° 0157t(min) 
(showing a one compartment pharmacokinetic model). 

[0051] The main pharmacokinetic parameters calcu- 
lated from this one-compartment model were: 

Elimination half-life = 44 min 
Area under curve [AUC]0-oo = 31 .8 mM.min 
Volume of distribution = 0.077 l/kg (or 77 ml/kg) 
Clearance = 0.00121 l/kg.min 

[0052] The elimination half-life (44 min) obtained for 
the micellar form is much longer i.e. better than that ob- 
tained for Gd-DTPA (15 min as t 1 ' 2 (p)). 

Example 5 

[0053] An injectable composition was prepared ac- 
cording to Example 2, mode (2) using Gd-DTPA-(SE) 2 
in place of Gd-DTPA-SE. 

[0054] Then an in-viva experimental procedure was 
carried out in the rat as described in Example 4. The 
injected dose was 0.0345 mmol Gd/kg. The graph of Fig. 
5 shows the results obtained. 

[0055] The expression giving the [Gd] as a function of 
time was: 

[Gd](mmoW) = 0.3e- a0138t(min) 

[0056] The main pharmacokinetic parameters were: 

Elimination half-life = 50 min 
Area under curve [AUC]0-«> = 21 .7 mM.min 
Volume of distribution = 0.115 l/kg (or 115 ml/kg) 
Clearance = 0.00159 l/kg.min 

[0057] There was virtually no difference between the 
results obtained with Gd-DTPA-SE and those obtained 
with Gd-DTPA-(SE) 2 . 



[0058] Much like in the Example 4, the elimination 
half-life (50 min) obtained for the micelles of the inven- 
tion is much longer i.e. better than that obtained for 
Gd-DTPA (15 min as t 1/2 (p)). 

5 

Example 6 

[0059] Injectable compositions were prepared ac- 
cording to Example 2, mode (2) using 153 Gd radioactive 
w isotope. The following preparations were made: 

153 Gd-DTPA-(SE) 2 /DPPA Na/Synperonic F-108 
153 Gd-DTPA-(SE) 2 /DPPG Na/Synperonic F-108 
153 Gd-DTPA-(SE) 2 /DPPC/Synperonic F-108 

15 

[0060] The ratio between the components 5:10:10 
(mg/ml) was maintained the same for the three prepa- 
rations. 

[0061] The r, and r 2 values as well as the mean size 
20 distributions were close to the values obtained in Exam- 
ple 3 for the same compounds. 
[0062] The preparations were injected into experi- 
mental rats (about 200 g) at the dose of 0.0234 mmol of 
Gd/kg (about 1 ml of suspension/animal) and blood 
25 samples taken 1 0,30,60,90 and 1 20 min after injection. 
The experiment was carried out on groups of 3 rats (one 
group per preparation). The radioactivity of the samples 
was measured using a y-counter (Packard Minaxi y). 
The change in concentration of Gd in mmol/l in the blood 
30 as a function of time for each preparation is shown in 
Fig. 6. 

Example 7 

35 [0063] Injectable 153 Gd-DTPA-fSEJ^BRIJ® 78 
and 153 Gd-DTPA-(SE)2/DPPC/BRIJ® 78 compositions 
were prepared according to Example 2, mode (1) and 
mode (2) using 153 Gd radioactive isotope. The weight 
ratio of the components in the preparations was 5:10 

40 and 5:10:10 respectively. 

[0064] The preparations were injected into experi- 
mental rats at the dose of 0.0234 mmol of Gd/kg (about 
1 ml of suspension/animal) and blood samples taken 1 0, 
30, 60, 90 and 120 min after injection. The radioactivity 

45 of the samples was measured using a y-counter (Pack- 
ard Minaxi y). From the plot of change in radioactivity of 
the samples shown in Fig. 7 it follows that when the 
preparations are made with BRIJ® 78, the presence of 
the phospholipid although beneficial in view of higher 

50 relaxivity and dwelling time, is not essential since the 
micelles of the surfactant and the paramagnetic com- 
plex are showing reasonably high relaxivity and stability 
in the circulation. 

[0065] Relaxivities in (mM.s)- 1 obtained for the two 
55 preparations were: 
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TABLE 5 





ri 


r2 


DPPC/BRIJ® 78 


21.6 


21.5 


BRIJ® 78 


18.9 


17.6 



[0066] It was interesting to note that in the case of 1 53 
Gd-DTPA-fSE^BRIJ® 78 preparation the size of the 
micelles measured was about 538 ± 190 nm i.e. much 
greater than for the preparations in previous examples. 
[0067] When the above experiments were repeated 
with Synperonic® F 108 in place of Brij®, it was found 
that the compositions obtained were more stable if the 
phospholipids were present. 

Example 8 

[0068] Injectable compositions were prepared ac- 
cording to Example 2, (mode 2) using the following li- 
pophilic chelates: 



Gd-DTPA-SA = 
Gd-DTPA-(SA)2 = 
Gd-DTPA-ME = 
Gd-DTPA-(ME)2 = 
Gd-DTPA-OE = 
Gd-DTPA-(Ad)2 = 
Gd-DOTA-SE = 
Gd-DOTA-PE = 
Gd-HP-D03A-SE = 



Gd-DTPA-Stearylamide 

Gd-DTPA-Distearylamide 

Gd-DTPA-Myristylester 

Gd-DTPA-Dimyristylester 

Gd-DTPA-Octylester 

Gd-DTPA-Diadamantylamide 

Gd-DOTA-Stearylester 

Gd-DOTA-Palmitylester 

Gd-HP-D03A-Stearoylester 



[0069] The r, and r 2 values as well as the mean size 
distribution measured were within the range of values 
obtained for Gd-DTPA-SE and Gd-DTPA-(SE) 2 com- 
pounds. 

FIG. 2 Sources 

[0070] For Relaxivities of Gd-DTPA, Dextran-(Gd-DT- 
PA), Albumin-(Gd-DTPA) & Polylysine-(Gd-DTPA) see 
R.C. BRASH Magnetic Resonance in Medicine 22 
(1991) 282-287 and for relaxivity of MPEG-Poly- 
lyine-(Gd-DTPA) see A.A. Bogdanov et al. Radiology 
187(1993)701-706. 



Claims 

1 . An injectable NMR imaging composition comprising 
as components of a dispersion in a physiologically 
acceptable aqueous carrier phase a paramagnetic 
metal ion, a chelating agent having a lipophilic moi- 
ety, characterised in that the composition com- 
prises a physiologically acceptable non-ionic sur- 
factant or a mixture of non-ionic surfactants wherein 
the non-ionic surfactant is a block-copolymer hav- 



ing polyoxyethylene and polyoxypropylene seg- 
ments, a polyethyleneglycolalkylether, a polyox- 
yethylene fatty acid ester, an n-alkylglucopyrano- 
side, or an n-alkyl maltotrioside and optionally one 
5 or more amphipatic compounds, the components of 
the dispersion being in a micellar form. 

2. The composition of claim 1 , wherein the micelles 
are mixed micelles with the particle size between 

10 10 and 800 nm. 

3. The composition of claim 2, wherein the micelles 
are mixed micelles with the particle size preferably 
between 30 and 500 nm. 



15 



20 



4. The composition of claim 1 , wherein the surfactant 
is Pluronic®, Poloxamer®, Poloxamine®, Synper- 
onic®, BRIJ®, Myrj® or mixtures thereof. 

5. The composition of claim 1 , wherein the surfactant 
is BRIJ®. 



6. The composition of claim 1 , wherein the amphipatic 
compound is a dialkyl glycerophospholipid in which 

25 alkyl has at least twelve carbon atoms. 

7. The composition of claim 6, wherein the phosphol- 
ipid is selected from phosphatidic acid, phosphati- 
dylcholine, phosphatidylethanolamine, phosphati- 
de dylserine, phosphatidylglycerol, phosphatidylinosi- 

tol, cardiolipin and sphingomyelin. 

8. The composition of claim 7, wherein the phosphol- 
ipid consists of a monophosphate ester of a substi- 

35 tuted or partially substituted glycerol, at least one 
functional group of said glycerol being esterified by 
saturated or unsaturated aliphatic fatty acid, or eth- 
erified by saturated or unsaturated alcohol, the oth- 
er two acidic functions of the phosphoric acid being 

40 either free or salified with alkali or earth-alkali met- 
als. 

9. The composition of claim 8, wherein the phosphol- 
ipid is a monophosphate of a fatty acid glyceride se- 

45 lected from dimyristoyl-phosphatidic acid, dipalmi- 
toylphosphatidic acid, or distearoylphosphatidic ac- 
id. 

1 0. The composition of claim 1 , wherein the amphipatic 
so compound comprises two or more compounds se- 
lected from ionic and neutral phospholipids, mono 
alkyl or alkenyl esters of phosphoric acid and/or 
cholesterol, ergosterol, phytosterol, sitosterol, 
lanosterol, and tocopherol. 



55 



1 1 . The composition of any one of preceding claims, 
wherein the lipophilic moiety of the imaging agent 
is a C 1 to C 24 alkyl or alkylene group or substituted 
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or unsubstituted benzyl- or phenyl alkyl group. 

12. The composition of claim 11, wherein the lipophilic 
moiety of the imaging agent is a carboxylate ester 
of saturated and unsaturated C 1 to C 24 aliphatic or 
aromatic alcohols or is a carboxylate amide of sat- 
urated and unsaturated C 1 to C 24 aliphatic or aro- 
matic amines. 

13. The composition of claim 12, wherein the alcohol is 
methanol, ethanol, propanol, butanol (n-, iso-, tert-), 
pentanol, hexanol and isomers, heptanol, octanol, 
nonanol, decanol and isomers, fatty alcohols, sub- 
stituted and unsubstituted benzyl- and higher phe- 
nylalkyl-alcohols. 

14. The composition of claim 12, wherein the amine is 
methylamine, ethylamine, propylamine, butylamine 
(n-, iso-, tert-), pentylamine, hexylamine (and iso- 
mers), heptylamine, octylamine (and isomers), no- 
nylamine, decylamine, aminoadamantane, fatty 
amines and substituted and unsubstituted benzyl- 
and higher phenylalkyl-amines. 

15. The composition of claim 11, wherein the lipophilic 
moiety of the imaging agent is provided with li- 
pophilic hydrophobic groups linked to the alkylene 
segments of the molecular back-bone, to the a-car- 
bon of the carboxylate functions or to a hydroxyl 
group when present in the chelating agent. 

16. The composition of claim 1, wherein the chelating 
agent is selected from EDTA, DTPA, BOPTA, DO- 
TA, D03A and/or derivatives thereof. 

17. The composition of claim 1, wherein the paramag- 
netic metal ion is selected from Gd(lll), Mn(ll), Cr 
(III), Cu(ll), Fe (III), Pr(lll), Nd(lll) Sm(lll), Tb(lll), Yt 
(III) Dy(lll), Ho(lll)and Er(lll). 

1 8. The composition of claims 1-17, wherein the weight 
ratio of the lipophilic imaging agent and the sur- 
factant in the composition is between 1:10 and 10: 
1 , preferably between 1 :3 and 3:1 . 

1 9. The composition of claim 1 8, wherein the weight ra- 
tio of the lipophilic imaging agent and the surfactant 
in the composition is preferably between 1 :3 and 3: 
1. 

20. The composition of claim 7-17, wherein the weight 
ratio of the phospholipid to the surfactant is from 1 : 
10 to 10:1 and preferably between 1:2 and 2:1. 

21 . A dry, pulverulent formulation comprising as com- 
ponents a paramagnetic metal ion, a chelating 
agent having a lipophilic moiety, a physiologically 
acceptable non-ionic surfactant or a mixture of non- 



ionic surfactants and optionally one or more amphi- 
patic compounds, which upon dispersion in a phys- 
iologically acceptable liquid carrier, will form a mi- 
cellar dispersion useful as a blood pool NMR imag- 
5 ing contrast agent. 

22. An injectable aqueous suspension comprising the 
composition of claims 1-20 suspended in a physio- 
logically acceptable liquid carrier useful as a NMR 

10 blood pool contrast agent. 

23. A method for making composition of claims 1-20, 
characterised by the steps of: 

15 a) selecting and suspending a complex of a par- 

amagnetic metal ion, a chelating agent com- 
prising a lipophilic moiety, one or more non-ion- 
ic surfactants, and optionally one or more am- 
phipatic compounds and in an aqueous phase 

20 to form a mixture, and 

b) energising the mixture by sonicating or mi- 
croftuidizing to bring the ingredients into inti- 
mate contact and produce homogeneous dis- 
25 persion of the components in micellar form. 

24. The method of claim 23, wherein after the sonica- 
tion or microf luidization the mixture is sterilised and/ 
or lyophilised. 

30 

25. The method of claim 23 or 24, wherein the sur- 
factant is added to the mixture of the compound af- 
ter said energising and optionally repeating the son- 
ication or microfluidization. 

35 

26. The method of claim 23, wherein the amphipatic 
compound is a phospholipid consisting of mono- 
phosphate of a fatty acid glyceride selected from 
dimyristoylphosphatidic acid, dipalmitoylphospha- 

40 tidic acid, or distearoylphosphatidic acid. 

27. The composition of claims 1-20, for use in NMR 
blood pool imaging of organs in human or animal 
body. 

45 

28. Use of the pulverulent formulation of claim 21 for 
the manufacture of an MRI contrast agent. 

29. A two component kit comprising, as the first com- 
50 ponent, a dry formulation of claim 21 stored under 

an inert atmosphere and, as the second compo- 
nent, a physiologically acceptable carrier liquid 
which when admixed with the first component pro- 
vides, as a suspension of the two components, an 
55 injectable NMR contrast composition of claims 
1-20. 
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Patentanspruche 

1 . Injizierbare NMR-Bilderzeugungszusammenset- 
zung, die ais Bestandteile einer Dispersion in einer 
physiologisch vertraglichen wassrigen Tragerpha- 
se ein paramagnetisches Metallion, einen Chelat- 
bildner mit einer lipophilen Gruppierung enthalt, da- 
durch gekennzeichnet, dass die Zusammenset- 
zung ein physiologisch vertragliches nicht-ioni- 
sches grenzflachenaktives Mittel oder eine Mi- 
schung von nicht-ionischen grenzflachenaktiven 
Mitteln, wobei das nicht-ionische grenzflachenakti- 
ve Mittel ein BlockCopoiymer mit Polyoxyethylen- 
und Polyoxypropylen-Abschnitten, ein Polyethylen- 
glykolalkylether, ein Polyoxyethylenfettsaureester, 
ein n-Alkylglucopyranosid oder ein n-Alkylmaltotrio- 
sid ist, und gegebenenfalls eine oder mehrere am- 
phipathische Verbindungen enthalt, wobei die Be- 
standteile der Dispersion in einer Mizellenform vor- 
liegen. 

2. Zusammensetzung nach Anspruch 1 , wobei die Mi- 
zellen gemischte Mizellen mit einer TeilchengrdfBe 
zwischen 10 und 800 nm sind. 

3. Zusammensetzung nach Anspruch 2, wobei die Mi- 
zellen gemischte Mizellen mit einer TeilchengroBe 
vorzugsweise zwischen 30 und 500 nm sind. 

4. Zusammensetzung nach Anspruch 1, wobei das 
grenzflachenaktive Mittel Pluronic®, PoloxamerfD, 
Poloxamine®, Synperonic®, BRIJ®, Myrj® oder ei- 
ne Mischung davon ist. 

5. Zusammensetzung nach Anspruch 1, wobei das 
grenzflachenaktive Mittel BRIJ® ist. 

6. Zusammensetzung nach Anspruch 1, wobei die 
amphipathische Verbindung ein Dialkylglycero- 
phospholipid ist, in welchem Alkyl mindestens zwolf 
Kohlenstoffatome aufweist. 

7. Zusammensetzung nach Anspruch 6, wobei das 
Phospholipid aus Phosphatidsaure, Phosphatidyl- 
cholin, Phosphatidylethanolamin, Phosphatidylse- 
rin, Phosphatidylglycerin, Phosphatidylinositol, 
Cardiolipin und Sphingomyelin ausgewahlt ist. 

8. Zusammensetzung nach Anspruch 7, wobei das 
Phospholipid aus einem Monophosphatester eines 
substituierten oder partiell substituierten Glycerins 
besteht, wobei mindestens eine funktionelle Grup- 
pe des Glycerins durch gesattigte oder ungesattigte 
aliphatische Fettsaure verestert ist Oder durch ge- 
sattigten oder ungesattigten Alkohol ver-ethert ist, 
wobei die anderen zwei sauren Funktionen der 
Phosphorsaure entweder frei sind oder ein Salz mit 
Alkali- oder Erdalkalimetallen bilden. 



9. Zusammensetzung nach Anspruch 8, wobei das 
Phospholipid ein Monophosphat eines Fettsaure- 
glycerids ist, ausgewahlt aus Dimyristoylphospha- 
tidsaure, Dipalmitoylphosphatidsaure oder Di- 

5 stearoylphosphatidsaure. 

10. Zusammensetzung nach Anspruch 1, wobei die 
amphipathische Verbindung zwei oder mehr Ver- 
bindungen enthalt, ausgewahlt aus ionischen und 

10 neutralen Phospholipiden, Monoalkyl- oder -alke- 
nylestern von Phosphorsaure und/oder Choleste- 
rin t Ergosterin, Phytosterin, Sitosterin, Lanosterin 
und Tocopherol. 

15 11. Zusammensetzung nach einem der vorangegange- 
nen Anspruche, wobei die lipophile Gruppierung 
des bilderzeugenden Mittels eine C r bis C 24 -Alkyl- 
oder -Alkylengruppe oder eine substituierte oder 
unsubstituierte Benzyl- oder Phenylalkylgruppe ist. 

20 

12. Zusammensetzung nach Anspruch 1 1 , wobei die li- 
pophile Gruppierung des bilderzeugenden Mittels 
ein Carboxylatester von gesattigten und ungesat- 
tigten aliphatischen C^bis C 24 -Alkoholen oder aro- 

25 matischen Alkoholen ist oder ein Carboxylatamid 
von gesattigten und ungesattigten aliphatischen 
Cj- bis C 24 -Aminen oder aromatischen Aminen ist. 

13. Zusammensetzung nach Anspruch 12, wobei der 
30 Alkohol Methanol, Ethanol, Propanol, Butanol (n-, 

iso-, tert-), Pentanol, Hexanol und Isomere davon, 
Heptanol, Octanol, Nonanol, Decanol und Isomere 
davon, Fettalkohole, substituierte und unsubstitu- 
ierte Benzyl- und hohere Phenylalkylalkohole ist. 

35 

14. Zusammensetzung nach Anspruch 12, wobei das 
Amin Methylamin, Ethylamin, Propylamin, Butyl- 
amin (n-, iso-, tert-), Pentylamin, Hexylamin (und 
Isomere davon), Heptylamin, Octylamin (und Iso- 

40 mere davon), Nonylamin, Decylamin, Aminoa- 
damantan, Fettamine und substituierte und unsub- 
stituierte Benzyl- und hohere Phenylalkylamine ist. 

15. Zusammensetzung nach Anspruch 11 , wobei die li- 
45 pophile Gruppierung des bilderzeugenden Mittels 

mit lipophilen hydrophoben Gruppen versehen ist, 
die an die Alkylenabschnitte der Molekulhauptkette, 
an das oc-Kohlenstoffatom der Carboxylatfunktio- 
nen Oder an eine Hydroxylgruppe, sofern eine in 
50 dem Chelatbildner vorhanden ist, gebunden sind. 

16. Zusammensetzung nach Anspruch 1, wobei der 
Chelatbildner aus EDTA, DTPA, BOPTA, DOTA, 
D03A und/oder Derivaten davon ausgewahlt ist. 

55 

17. Zusammensetzung nach Anspruch 1, wobei das 
paramagnetische Metallion aus Gd(lll), Mn(ll), Cr 
(III), Cu(ll), Fe(lll), Pr(lll), Nd(lll), Sm(lll), Tb(lll), Yt 
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(III), Dy(lll), Ho(lll) und Er(lll) ausgewahlt ist. 

18. Zusammensetzung nach den Anspruchen 1-1 7 t 
wobei das Gewichtsverhaltnis des lipophilen bilder- 
zeugenden Mittels und des grenzflachenaktiven 
Mittels in der Zusammensetzung zwischen 1:10 
und 10:1 , vorzugsweise zwischen 1 :3 und 3:1 liegt. 

19. Zusammensetzung nach Anspaich 18, wobei das 
Gewichtsverhaltnis des lipophilen bilderzeugenden 
Mittels und des grenzflachenaktiven Mittels in der 
Zusammensetzung vorzugsweise zwischen 1:3 
und 3:1 liegt. 

20. Zusammensetzung nach Anspruch 7-17, wobei das 
Gewichtsverhaltnis des Phospholipids zu dem 
grenzflachenaktiven Mittel 1:10 bis 10:1, vorzugs- 
weise zwischen 1:2 und 2:1 betragt. 

21. Trockene, pulverfdrmige Forrnulierung, die als Be- 
standteile ein paramagnetisches Metallion, einen 
Chelatbildner mit einer lipophilen Gruppierung, ein 
physiologisch vertragliches nicht-ionisches grenz- 
flachenaktives Mittel oder eine Mischung von nicht- 
ionischen grenzflachenaktiven Mitteln und gegebe- 
nenfalls eine oder mehrere amphipathische Verbin- 
dungen enthalt, die beim Dispergieren in einem 
physiologisch vertraglichen flussigen Trager eine 
Mizellendispersion bilden, die als ein NMR-Bilder- 
zeugungskontrastmittelfurden Blutpool nutzlich ist. 

22. Injizierbare wassrige Suspension, enthaltend die in 
einem physiologisch vertraglichen flussigen Trager 
suspendierte Zusammensetzung nach den Anspru- 
chen 1-20, die als NMR-Blutpoolkontrastmittel 
nutzlich ist. 

23. Verfahren zur Herstellung einer Zusammensetzung 
nach den Anspruchen 1-20, gekennzeichnet 
durch die Schritte: 

a) Auswahlen und Suspendieren eines Kom- 
plexes eines paramagnetischen Metallions, ei- 
nes eine lipophile Gruppierung enthaltenden 
Chelatbildners, eines nicht-ionischen grenzfla- 
chenaktiven Mittels bzw. mehrerer nicht-ioni- 
scher grenzflachenaktiver Mittel und gegebe- 
nenfalls einer oder mehrerer amphipathischer 
Verbindungen und in einer wassrigen Phase, 
urn eine Mischung zu bilden, und 

b) Aktivieren der Mischung durch Beschallen 
oder Mikrofluidisieren, urn die Bestandteile in 
engen Kontakt zu bringen und eine homogene 
Dispersion der Bestandteile in Mizellenform zu 
erzeugen. 

24. Verfahren nach Anspruch 23, wobei nach dem Be- 



schallen oder Mikrofluidisieren die Mischung steri- 
lisiert und/oder lyophilisiert wird. 

25. Verfahren nach Anspruch 23 oder 24, wobei das 
5 grenzflachenaktive Mittel der Mischung der Verbin- 
dung nach dem Aktivieren zugesetzt und das Be- 
schallen oder Mikrofluidisieren gegebenenf alls wie- 
derholt wird. 

io 26. Verfahren nach Anspruch 23, wobei die amphipa- 
thische Verbindung ein Phospholipid bestehend 
aus dem Monophosphat eines Fettsaureglycerids 
ist, ausgewahlt aus Dimyristoylphosphatidsaure, 
Dipalmitoylphosphatidsaure Oder Distearoylphos- 

*5 phatidsaure. 

27. Zusammensetzung nach den Anspruchen 1-20 fur 
eine Verwendung bei der NMR-Bilderzeugung vom 
Blutpool von Organen im menschlichen oder tieri- 

20 schen Korper. 

28. Verwendung der pulverformigen Forrnulierung 
nach Anspruch 21 fur die Herstellung eines 
MRI-Kontrastmittels. 

25 

29. Zwei-Komponenten-Kit, der als erste Komponente 
eine trockene Forrnulierung nach Anspruch 21 , die 
unter einer inerten Atmosphare gelagert wird, und 
als zweite Komponente eine physiologisch vertrag- 

30 liche Tragerflussigkeit enthalt, die, wenn sie mit der 
ersten Komponente vermischt wird, als eine Sus- 
pension der zwei Komponenten eine injizierbare 
NMR-Kontrastzusammensetzung nach den An- 
spruchen 1-20 ergibt. 

35 

Revendications 

1. Composition d'imagerie RMN injectable compre- 
40 nant comme composants d'une dispersion dans 

une phase support aqueuse physiologiquement ac- 
ceptable un ion m6tallique paramagn£tique, un 
agent chglateurayant une partie lipophile, caracte- 
ris£e en ce que la composition comprend un ten- 

^5 sioactif non ionique physiologiquement acceptable 
ou un melange de tensioactifs non ioniques, le ten- 
sioactif non ionique etant un copolym&re bloc ayant 
des segments de polyoxyethyldne et de polyoxy- 
propyl&ne, un alkyl6ther de polyethylene glycol, un 

so ester d'acide gras de polyoxy§thyl£ne, un n-alkyl- 
glucopyranoside ou un n-alkylmaltotrioside et 6ven- 
tuellement un ou plusieurs composes amphipati- 
ques, les composants de la dispersion etant sous 
une forme micellaire. 

55 

2. Composition selon la revendication 1 , dans laquelle 
les micelles sont des micelles m£lang£es avec une 
taille de particuies situde entre 10 et 800 nm. 
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3. Composition selon la revendication 2, dans laquelle 
les micelles sont des micelles m£lang£es avec une 
taille de particules situ6e entre 30 et 500 nm. 

4. Composition selon la revendication 1 , dans laquelle 
letensioactif est le Pluronic®, le Poloxamer®, la Po- 
loxamine®, le Synperonic®, BRIJ®, Myrj® ou des 
melanges de ceux-ci. 

5. Composition selon la revendication 1 , dans laquelle 
le tensioactif est le BRIJ®. 

6. Composition selon la revendication 1 , dans laquelle 
le compose amphipatique est un glycerophospho- 
lipide dont I'alkyle poss&de au moins douze atomes 
de carbone. 

7. Composition selon la revendication 6, dans laquelle 
le phospholipide est choisi parmi I'acide phosphati- 
dique, la phosphatidylcholine, la phosphatidyletha- 
nolamine, la phosphatidylserine, le phosphatidyl- 
glycerol, le phosphatidylinositol, lacardiolipine et la 
sphingomyeline. 

8. Composition selon la revendication 7, dans laquelle 
le phospholipide est constitue d'un ester de mono- 
phosphate d'un glycerol substitue ou partieilement 
substitue, au moins un groupe fonctionnel dudit gly- 
cerol etant esterifie par un acide gras aliphatique 
satur6 ou insature ou etherifie par un alcool sature 
ou insature, les deux autres fonctions acides de 
I'acide phosphorique etant soit libres soit dotees de 
sels de metaux alcalins ou alcalino-terreux. 

9. Composition selon la revendication 8, dans laquelle 
le phospholipide est un monophosphate d'un glyc6- 
ride d'acide gras seiectionne parmi I'acide dimyris- 
toylphosphatidique, I'acide dipalmitoylphosphatidi- 
que ou I'acide distearoylphosphatidique. 

10. Composition selon la revendication 1 , dans laquelle 
le compost amphipatique comprend deux compo- 
ses ou plus choisis parmi les phospholipides ioni- 
ques et neutres, les monoesters alkyles ou alc&ny- 
les d'acide phosphorique et/ou le cholesterol, I'er- 
gosterol, le phytosterol, le sitosterol, le lanosterol et 
le tocopherol. 

11. Composition selon I'une quelconque des revendi- 
cations pr6c6dentes, dans laquelle la partie lipophi- 
ie de I'agent d'imagerie est un groupe alkyle en 

k C 24 ou alkyldne ou un groupe alkyle de benzyle 
ou phgnyle substitue ou non substitue. 

1 2. Composition selon la revendication 1 1 , dans laquel- 
le la partie lipophile de I'agent d'imagerie est un es- 
ter de carboxylate d'alcools aromatiques ou alipha- 
tiques en C 1 k C 24 satures et insatures ou est un 



amide de carboxylate d'amines aromatiques ou ali- 
phatiques en C 1 k C 24 saturees et insaturees. 

1 3. Composition selon la revendication 1 2, dans laquel- 
5 le Talcool est le methanol, I'ethanol, le propanol, le 

butanol (n-, iso-, tert-), le pentanol, Phexanol et leurs 
isomeres, I'heptanol, I'octanol, le nonanol, le deca- 
nol et leurs isomeres, les alcools gras, les alcools 
de benzyle et alcools superieurs de phenylalkyle 
70 substitues ou non substitues. 

1 4. Composition selon la revendication 1 2, dans laquel- 
le Tannine est la methylamine, I'ethylamine, la pro- 
pylamine, la butylamine (n-, iso-, tert-), la pentyla- 

15 mine, I'hexylamine (et leurs isomeres), I'heptylami- 
ne t I'octylamine (et leurs isomeres), la nonylamine, 
la decylamine, raminoadamantane, les amines 
grasses et les amines de benzyle et amines supe- 
rieures de phenylalkyle substitutes et non substi- 

20 tuees. 

1 5. Composition selon la revendication 1 1 , dans laquel- 
le la partie lipophile de I'agent d'imagerie est munie 
de groupes hydrophobes lipophiles lies aux seg- 

25 ments alkyldnes du squelette moleculaire, au car- 
bone a des fonctions carboxylates ou k un groupe 
hydroxyle quand il est present dans I'agent cheia- 
teur. 

30 1 6. Composition selon la revendication 1 , dans laquelle 
I'agent cheiateur est choisi parmi EDTA, DTPA, 
BOPTA, DOTA, D03A et/ou derives de ceux-ci. 

17. Composition selon la revendication 1 , dans laquelle 
35 Hon metallique paramagn6tique est choisi parmi Gd 

(III), Mn(ll), Cr(lll), Cu(ll), Fe(lll), Pr(lll), Nd(lll), Sm 
(III), Tb(lll), Yt(lll), Dy(lll) et Er(lll). 

18. Composition selon les revendications 1 & 17, dans 
40 laquelle le rapport massique de I'agent d'imagerie 

lipophile et du tensioactif dans la composition se si- 
tae entre 1 : 10 et 10 : 1, de preference entre 1 : 3 
et3: 1. 

45 19. Composition selon la revendication 1 8, dans laquel- 
le fe rapport massique de I'agent d'imagerie lipophi- 
le et du tensioactif dans la composition est situe de 
preference entre 1 :3 et 3 :1 . 

50 20. Composition selon les revendication 7 & 17, dans 
laquelle le rapport massique du phospholipide sur 
le tensioactif dans la composition est situ6 entre 1 : 
1 0 et 10 :1 , de preference entre 1 : 2 et 2 : 1 . 

55 21 . Formulation pulverulente skche comprenant com- 
me composants un ion metallique paramagnetique, 
un agent cheiateur ayant une partie lipophile, un 
tensioactif non ionique physiologiquement accepta- 
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ble ou un melange de tensioactifs non ioniques et 
eventuellement un ou plusieurs composes amphi- 
patiques, qui, lors de la dispersion dans un support 
liquide physiologiquement acceptable, vont former 
une dispersion micellaire utile comme agent de 5 
contraste d'imagerie RMN de pool sanguin. 

22. Suspension aqueuse injectable comprenant la 
composition selon les revendications 1 k 20 sus- 
pendue dans un support liquide physiologiquement w 
acceptable, utile comme agent de contraste RMN 

de pool sanguin. 

23. Proced6 de preparation de la composition selon les 
revendications 1 a 20, caracterise par les Stapes 1 $ 
consistant k : 

a) seiectionneret suspendre un complexe d'un 
ion metallique paramagnetique, un agent ch£- 
lateur comprenant une partie lipophile, un ou 20 
plusieurs tensioactifs non ioniques et eventuel- 
lement un ou plusieurs composes amphipati- 
ques et en phase aqueuse pour former un me- 
lange, et 

b) energiser le melange par sonication ou par 25 
microfluidisation pour amener les ingredients 

en entrer en contact intime et produire une dis- 
persion homogene des composants sous for- 
me micellaire. 

30 

24. Procede selon la revendication 23, dans lequel, 
aprds sonication ou la microfluidisation, le melange 
est st6rilis£ et/ou lyophilise. 

25. Procede selon la revendication 23 ou 24, dans le- 35 
quel le tensioactif est ajoute au melange du com- 
post aprds ladite Energisation et eventuellement la 
repetition de la sonication ou de la microfluidisation. 

26. Procede selon la revendication 23, dans lequel le *o 
compose amphipatique est un phosphoiipide cons- 
titue d'un monophosphate d'un glyceride d'acide 
gras choisi parmi I'acide dimyristoylphosphatidique, 
I'acide dipalmitoylphosphatidique ou I'acide distea- 
roylphosphatidique. 45 

27. Composition selon les revendications 1 & 20, des- 
tinee k etre utilisee dans I'imagerie RMN de pool 
sanguin des organes d'un etre humain ou animal. 

50 

28. Utilisation de la formulation pulverulente selon la re- 
vendication 21 pour la fabrication d'un agent de 
contraste IRM. 

29. Kit k deux composants comprenant, comme pre- 55 
mier composant, une formulation sdche selon la re- 
vendication 21 stockee sous atmosphere inerte et, 
comme deuxidme composant, un liquide support 



physiologiquement acceptable qui, une fois ajoute 
au premier composant, donne une composition de 
contraste RMN injectable selon les revendications 
1 k 20, sous la forme d'une suspension de deux 
composants. 
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FIG. 5 
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